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(54) PHOTONIC CRYSTAL AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a photonic 
crystal which has a crystal structure having optical 
rotating power like in the case of a right quartz crystal 
and a left quartz crystal as right-hand and left-hand 
symmetricalness is collapsed, is applicable as a linear 
polarizer and has photonic band gaps and the optical 
rotating power and a process for manufacturing the 
same. 

SOLUTION: This crystal is two-dimensionally arrayed 
with columnar bodies 12 continuously and helically 
connected with the same material portions constituted 
by helically forming at least two kinds of the material 
portions 12a and 12b varying in refractive indices on a 
substrate 11. This process is for manufacturing the 
photonic crystal which is two-dimensionally arrayed with 
the columnar bodies 12 continuously and helically 
connected with the same material portions constituted 
by helically forming at least two kinds of the material 
portions 12a and 12b varying in the refractive indices on 
the substrate 11. After a stage (A) of forming the first helical first stage portions 12s on the 
substrate 1 1 and two-dimensionally arraying the same, a stage (B) of alternately laminating at 
least two kinds of the material portions 12a and 12b varying in the refractive indices 
successively by the first helical one stage portion 12s each on the first helical one stage 
portions 12s is repetitively executed. 




* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
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[Claim 1]A photonic crystal carrying out two-dimensional array of the columnar body with which 
an identical material portion which forms spirally at least two kinds of material portions from 
which a refractive index differs on a substrate was connected spirally continuously. 
[Claim 2] It is a manufacturing method of a photonic crystal which carried out two-dimensional 
array of the columnar body with which an identical material portion which forms spirally at least 
two kinds of material portions from which a refractive index differs on a substrate was 
connected spirally continuously, A manufacturing method of a photonic crystal carrying out to a 
top for said the first one step of spiral by repeating a process (B) which makes at least two 
kinds of material portions from which a refractive index differs every one step of spiral laminate 
one by one alternately after a process (A) of forming and carrying out two-dimensional array of 
the first one step of spiral on a substrate. 

[Claim 3]Said process (B) holding shape which carried out two-dimensional array on a substrate 
in said process (A) by bias weld slag. A manufacturing method of the photonic crystal according 
to claim 2 being a thing which makes at least two kinds of material portions from which said 
refractive index differs every one step of spiral laminate one by one alternately. 
[Claim 4]On other different substrates from a substrate which produces a photonic crystal, said 
process (A) carries out two-dimensional array of the 1 step of spiral shape equivalent to a part 
for said the first one step of spiral, and uses other substrates as a force piston, It is what 
transfers and carries out two-dimensional array of said the first one step of spiral on said 
substrate by forcing said force piston on a thin film formed on said substrate, In every one step 
of spiral, said process (B) applies at least two kinds of materials in which refractive indicees 
differ one by one, and forms a thin film in a top for said the first one step of spiral, A 
manufacturing method of the photonic crystal according to claim 2 being a process which 
transfers said 1 step of spiral shape by said force piston, and is made for every one step of 
spiral to laminate one by one whenever it forms a thin film for one step of this spiral. 
[Claim 5]By performing electron-beam-lithography exposure and changing an exposure dose by a 
place on said resist during this exposure, after applying resist on said substrate, or a substrate 
besides the above. A resist pattern for producing a part for said the first one step of spiral and 
said 1 step of spiral shape is formed, A manufacturing method of a photonic crystal given in the 
first paragraph of either Claim 2 thru/or Claim 4 carrying out two-dimensional array of said the 
first one step of spiral on said substrate based on this resist pattern, or carrying out two- 
dimensional array of said 1 step of spiral shape on a substrate besides the above. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a photonic crystal which is the basic structure 
which constitutes various Optical Devices Division, such as laser used for optical information 
processing, optical transmission, etc., an optical waveguide, and an optical integrated circuit, and 
a manufacturing method for the same. 
[0002] 

[Description of the Prior Art]In three-dimensional dielectric periodical structure, light receives 
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periodic perturbation, the dispersion relation of the frequency takes the band structure of the 
electron under crystal, and the same band structure, and such dielectric periodical structure is 
called the photonic crystal (Photonic Crystal). Since propagation of the light in a photonic crystal 
is determined by band structure, it can design the optical property freely by controlling the size 
of a crystal structure or periodic perturbation. For example, if a photonic crystal enlarges the 
refractive index ratio between the materials which constitute a photonic crystal and periodical 
structure is selected appropriately, it will demonstrate powerful optical confinement ability etc. 
Application for a super-high-density optical integrated circuit or a super-efficient light element 
is expected from this photonic crystal. 

[0003]The usefulness of a photonic crystal in 1 987 by Yablonovitch. By indication (E. 
Yablonovitch, Phys.Rev.Lett.58-2059 (1987)) that light can be thoroughly shut up using the 
photonic crystal (photonic band gap material) which the band gap opened in three dimensions. 
Although observed [ came ], a photonic crystal of those days is the structure where a millimeter 
cycle is big. 

It was operated and evaluated using electromagnetic waves with long wavelength (microwave 
etc.). 

However, the wavelength area of the light used, for example by optical communications etc. is 1- 
1.5 micrometers, and in order to operate a photonic crystal in this wavelength area, it needs to 
make the cycle of a photonic crystal smaller than the wavelength order of light. And in order to 
realize the photonic crystal which operates in the wavelength area of light, the process tolerance 
below the wavelength of light is required. Therefore, a producible crystal structure is limited. The 
crystal structure currently expected that a band gap opens thoroughly in three dimensions is 
restricted to diamond structure and its related structure, as far as it is known till the present. 
Although the processing technology with the process tolerance below the wavelength of light has 
a semiconductor lithography technology represented by electron beam lithography and dry 
etching, the thing as shown in drawing 5 is proposed as periodical structure of the photonic 
crystal which can be produced with such art and a band gap opens. 

[0004]The photonic crystal 50 shown in drawing 5 (a) forms the mask 52 for dry etching on the 
crystal 51 of bulk first, The hole 53 of two-dimensional array is formed in this mask 52, and it is 
produced by etching into this by the good beam 54 for dry etching of vertical nature 3 times 
from a slanting angle. The three beams 54, 54, and 54 for etching shown in drawing 5 (a) maintain 
the angle whose each is 120 degrees, and the angle from the medial axis C is 35 degrees, 
respectively. This structure has become in the direction of an axial (110) bond of diamond 
structure with the structure which the hole has penetrated, it is proved by calculation that a 
band gap actually opens, and verification is performed experimentally in the microwave range. 
[0005] Drawing 5 (b) is the photonic crystal 60 which rotates 90 degrees and is formed by piling 
up while shifting a half cycle every about a phase in the rods 59 and 59 and , which were located 
in a line with the constant interval, It is produced to the thing with a wavelength of about 12 
micrometers by applying micromachine art (S-Y.Lin et al. v Nature 394,251 (1998)). Also in this 
case, the direction of the rod 59 is equivalent to the shaft orientations (110) of diamond 
structure, and it is shown by calculation that a full photonic band gap opens. A full photonic band 
gap means "the state where the photonic band gap opened to the light which advances in the 
direction of ail." 

[0006] However, what was shown in drawing 5 is very difficult to make the crystal structure 
which has the above number of layers to some extent. As for the photonic crystal actually 
produced by the present by any method, a gap is located in infrared rays or a microwave range. 
Near-infrared rays and the three-dimensional photonic crystal which the band gap opened 
thoroughly in the field of visible light are not realized. 

[0007]There is a linear polarization child as a typical application of photonic crystals other than 
the above mentioned full photonic band gap. Into a photonic crystal, since the propagation mode 
allowed becomes anisotropic, it can have artificial birefringence, and a photonic crystal can be 
used as a linear polarization child using this. Although the usual linear polarization child uses the 
birefringence which a substance has or it is produced using anisotropic absorption (dichroism), 
since it is not accompanied by absorption but has big anisotropy when a photonic crystal is used, 
the linear polarization child of high performance is realizable. Since it will realize if the periodical 
structure which broke down symmetry between two independent 2-ways as shown in drawing 6 
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(a) and (b) is made, the linear polarization child can produce comparatively easily (it is a one- 
dimensional photonic crystal in which a mutual multilayer film also has such anisotropy most 
simply). Drawing 6 (a) shows the linear polarization child 80 to whom drawing 6 (b) acted the 
two-dimensional array of the columnar body 81 as the linear polarization child 70 who put the 
plate 71 in order in series. Although the optical anisotropy which a photonic crystal can have can 
have the anisotropy not only according to linear polarization but the theoretically collapsed 
symmetry, what used such photonic crystalline anisotropy so far in addition to the linear 
polarization child does not exist. For example, if it is the structure in which symmetry-of- 
revolution nature collapsed, optical rotation (or optical activity) will be produced. The optical 
rotation (or optical activity) of a substance is a phenomenon revealed in the isotropic medium 
which comprises molecular structure with an optical isomer like spirit of turpentine, and a crystal 
structure with specific symmetry like crystal. 
It is character peculiar to a substance. 

Optical rotation is very important in linear polarization control and circular light control, and 
optics, such as 1/2 wavelength plate and 1/4 wavelength plate, are made using this character. 
However, the optical rotation itself was difficult to control the size artificially dramatically small 
(it is about 1 0 degrees/mm with crystal). 
[0008] 

[Problem(s) to be Solved by the Invention]In this invention, it aims at solving the problem that 
the function realized had restriction since the crystal structure was limited to the structure 
represented by drawing 5 etc. in the photonic crystal which was studied conventionally and has 
been produced. That is, this invention has a different crystal structure from the former, and an 
object of this invention is to provide a new photonic crystal which has a full photonic band gap 
and optical rotation, and a manufacturing method for the same. 
[0009] 

[Means for Solving the Problem]This invention proposes a photonic crystal which carried out 
two-dimensional array of the columnar body with which an identical material portion which forms 
spirally at least two kinds of material portions from which a refractive index differs on a 
substrate was connected spirally continuously (Claim 1). If the number of materials to laminate is 
two, a columnar body will become double helical conformation. A photonic crystal which has such 
three-dimensional spiral structure has the symmetry similar to diamond structure, Theoretical 
calculation proves that it can have a full photonic band gap (A. Chutinan and S.Noda, Physical 
Review B 57, R2006 (1998)). Since the symmetry of right-handed rotation and left-handed 
rotation has collapsed when structure of this photonic crystal is seen from the upper surface, it 
can have optical rotation as well as a case where they are a right-handed quartz and a left- 
handed quartz. A full photonic band gap means the state where a photonic band gap opened to 
light which advances in all the directions. Although two-dimensional array in a description of 
Claims means arranging a columnar body in on a substrate based on fixed regularity here, two- 
dimensional array constituted by disturbing this fixed regularity based on another regularity is 
also included in two-dimensional array. 

[0010]This invention is a manufacturing method of a photonic crystal which carried out two- 
dimensional array of the columnar body with which an identical material portion which forms 
spirally at least two kinds of material portions from which a refractive index differs on a 
substrate was connected spirally continuously, A manufacturing method of a photonic crystal 
performed on shape for said one step of spiral by repeating a process (B) which makes at least 
two kinds of material portions [ every one step of ] from which a refractive index differs laminate 
one by one alternately is proposed after a process (A) of forming and carrying out two- 
dimensional array of the shape for one step of spiral on a substrate (Claim 2). According to this, 
shape for one step of spiral which carried out the two-dimensional array to the shape of a lattice 
into a field is produced, every one step of spiral is accumulated for a material portion which 
makes ladder running shape for one step of this spiral and from which a refractive index differs, 
and the photonic crystal according to claim 1 is produced as a result. 

[001 1]Said process (B) this invention holding shape which carried out two-dimensional array on a 
substrate in said process (A) by bias weld slag. It is a manufacturing method of a photonic 
crystal being a thing which makes at least two kinds of material portions from which said 
refractive index differs every one step of spiral laminate one by one alternately. According to 
this, a precise columnar body can be constituted, maintaining shape faithful to the first shape. 
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[0012]On other substrates with which said process (A) differs from a substrate which produces 
a photonic crystal, this invention carries out two-dimensional array of the shape equivalent to 
shape for said one step of spiral, and uses other substrates as a force piston, It is what transfers 
and carries out two-dimensional array of the shape for said one step of spiral on this board by 
forcing said force piston on a thin film formed on said substrate, On shape for said one step of 
spiral, said process (B) applies at least two kinds of materials [ every one step of ] in which 
refractive indicees differ one by one, and forms a thin film, Whenever it forms a thin film for one 
step of this spiral, it is a manufacturing method of a photonic crystal being a process which 
transfers shape for said one step of spiral by said force piston, and is made to laminate every 
one step one by one (Claim 4). According to this, whenever it forms a coat, every one step of 
spiral is transferred by a force piston, and it goes. A force piston is reused. 
[0013]And this invention is performing electron-beam-lithography exposure and changing an 
exposure dose by a place on resist during this exposure, after applying resist on said substrate, 
or a substrate besides the above, It is a manufacturing method of a photonic crystal forming a 
resist pattern which carried out two-dimensional array of the shape for said one step of spiral, 
and carrying out two-dimensional array of the shape for said one step of spiral on said substrate, 
or a substrate besides the above based on this resist pattern (Claim 5). A resist pattern of 
different thickness can be formed by changing an exposure dose by a place on resist. It can etch 
based on this resist pattern, and shape for one step of spiral can be formed on substrate ** or 
other substrate **. Spiral structure is formed one by one on this as a substrate with which a 
part for the first one step of spiral was formed, and this substrate ** becomes a photonic 
crystal. Other substrate ** are used for screw type-like transfer (stamp) as a force piston. 
[0014] 

[Embodiment of the Invention]The photonic crystal of this invention and the embodiment of the 
manufacturing method are described in detail with reference to Drawings. Drawing 1 is a 
perspective view showing the periodical structure of the photonic crystal in this embodiment. 
Drawing 2 is a front view showing the spiral structure of the photonic crystal in this embodiment. 
Drawing 3 is a perspective view showing the 1st manufacturing method of the photonic crystal in 
this embodiment. Drawing 4 is a perspective view showing the 2nd manufacturing method of the 
photonic crystal in this embodiment. 

[0015]«Composition of a photonic crystal» the photonic crystal 10 in this embodiment, It 
comprises carrying out two-dimensional array of the columnar body 12 which forms spirally the 
material portion (the low refractive index material part 12a, the high refractive index material part 
1 2b) which has two kinds from which a refractive index differs of different refractive indicees on 
the substrate 11 as shown in drawing 1 (a). Each columnar body 12 serves as multiple spiral 
structure including double helical conformation. The substrate 1 1 consists of silicon (Si) in this 
embodiment. The low refractive index material part 12a consists of silicon dioxides (Si0 2 , 
refractive index 1.4), and the high refractive index material part 12b consists of silicon (Si, 
refractive index 3.5). The low refractive index material part 12a and the high refractive index 
material part 12b constitute the columnar body 12 of the double helical conformation which 
continued, respectively. Thickness d (thickness [ of the material portion used as especially a 
core ] d) of one material portion which forms double helical conformation is about about 1 of the 
wavelength of the light made into the purpose / 2. Although drawing 2 shows the spiral structure 
(portion used as a core) by the high refractive index material part 12b (that is, silicon) with the 
substrate 1 1, it becomes what also shows drawing 2 t he spiral structure (portion used as a clad) 
by the low refractive index material part 12a formed on the substrate 11, and the same thing. 
Here, the portion shown with 12 s of numerals in drawing 1 etc. is the first one step of spiral 
formed on the substrate 11. The construction material as the substrate 1 1 and the high 
refractive index material part 12b with these first 1 step of spiral 12 s same in this embodiment 
(silicon) [Si] It becomes, in drawing 1 ( drawing 2 - drawing 4 ) etc., although the upper surface 
portion of the columnar body 12, the upper surface portion for first 1 step of spiral 12 s, etc. are 
stair-like, this is the description for emphasizing a spiral thing in Drawings, and is such in 
practice — it is not stair-like. However, it is also possible to make it stair-like. 
[0016]The ratio of the refractive index of the low refractive index material part 12a which 
constitutes the ** columnar body 12, and the high refractive index material part 12b is opening 
the photonic crystal 10 of this embodiment greatly or more with two, ** The columnar body 12 
has arranged [ having spiral structure with the periodic columnar body 12, ] periodically on the ** 
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board 1 1, And since thickness d of the material portion (especially high refractive index material 
part 12b) which constitutes ** spiral is about 1/2 of the wavelength of the light made into the 
purpose, a full photonic band gap can be formed. Since the symmetry of right-handed rotation 
and left-handed rotation has collapsed, this structure can have optical rotation like [ in the case 
of being a right-handed quartz and a left-handed quartz ]. Such a photonic crystal is used for a 
light emitting device (laser and LED) etc. using a full photonic band gap. It is used as an artificial 
optically active substance using optical rotation. 

[001 7] Although the low refractive index material part 12a from which, as for the material which 
constitutes the above mentioned photonic crystal 10, the substrate 11 constitutes silicon and 
the columnar body 12 is a silicon dioxide and the high refractive index material part 12b which 
constitutes the columnar body 12 similarly is silicon, material is not limited to these. It is not 
asked whether the substrate 11, the low refractive index material part 12a, and the high 
refractive index material part 12b are crystalline substances or it is amorphous. Although the 
columnar body 12 was constituted from material which has two kinds of different refractive 
indicees, it is not limited to two kinds. 

[0018]«Manufacturing method of a photonic crystal» The manufacturing method (the 1st 
manufacturing method, the 2nd manufacturing method) of the photonic crystal 10 in an 
embodiment of the invention is explained hereafter. 

[0019][Refer to the 1st manufacturing method and drawing 3 .] The 1st manufacturing method is 
a manufacturing method of the photonic crystal 10 as for which every one step of spiral 
accumulates the low refractive index material part 12a and the high refractive index material part 
12b by turns and which produces first 1 step of spiral 12 s on the substrate 1 1 (process A), and 
goes on this the first 1 step of spiral 12 s itself (process B). That is, it is divided into the process 
of laminating the material which has the process of producing first 1 step of spiral 12 s by the 
process A, and a refractive index which is different while transferring this pattern faithfully by 
the process B on the pattern for part 12 s for the first one step of this spiral, and producing the 
columnar body 12. Bias weld slag performs production of the columnar body 12. 
[0020](1) Apply the resist 31 first on the substrate 1 1 which consists of silicon. Generally, in 
electron beam exposure, if the thickness of the resist which remains after development is 
exposed changing a light exposure by a place in order to be dependent on a light exposure 
(exposure dose), it can change the thickness of the resist pattern after development by a place. 
It exposes changing a light exposure by a place using this principle on the resist 31 applied on 
the substrate 1 1 (refer to drawing 3 (a)). As this shows drawing 3 (b), the resist pattern 32 for 
producing part 12 s for the first one step of spiral can be formed on the substrate 11. 
[0021](2) Transfer the resist pattern 32 of the shape of this screw type to the substrate 1 1 by 
the good dry etching (reactive ion etching etc.) of the vertical nature which can shave the resist 
pattern 32 and the substrate 1 1 at uniform velocity next. And the remaining resist patterns 32 
are exfoliated. Then, the substrate 1 1 with which the shape of a screw type as shown in drawing 
3_(c) (namely, part 12 s for the first one step of spiral) was formed is produced. That is, since 
the thickness of the resist pattern 32 changes with places, the quantity etched also changes 
according to the thickness of the resist pattern 32 (namely, since the resist pattern 32 is also 
etched in addition to the substrate 11), The shape according to the shape (thickness) of the 
resist pattern 32 is formed on the substrate 1 1 as a result. Even this is the making process A of 
the first half. The height for part 12 s for the first one step of spiral (thickness) is 2d here. The 
thickness for first 1 step of spiral 1 2 s is governed by the selection ratio in etching with the 
resist pattern 32 and the substrate 11, etc. Incidentally, for first 1 step of spiral 12 s, although it 
is made to arrange at a two-dimensional lattice point as shown in drawing 1 (b), by drawing 3, 
only 1 step of spiral 12 s of the beginning of one lattice point (columnar body 12) is illustrated 
for convenience. 

[0022](3) Then, every one step of spiral laminates the low refractive index material part 1 2a 
(here a silicon dioxide, the refractive index 1.4) and the high refractive index material part 12b 
(here silicon, the refractive index 3.5) by turns by bias weld slag on the substrate 1 1 with which 
part 12 s for the first one step of this spiral was formed. In bias weld slag, etching and deposition 
happen simultaneously and the ratio of contribution of both can be controlled by weld slag 
conditions, such as bias. If the character in which the angular dependence of etching and 
deposition differs is used, a multilayer film can be laminated keeping faithful the initial form of the 
substrate begun by choosing weld slag conditions suitably. This art is known as self cloning 
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technique (S. Kawakami, Electronics Letter, vol.33, p1260 (1997)). The low refractive index 
material part 12a is laminated using this lamination condition defined beforehand by thickness d 
of the 2-d half which is the thickness for first 1 step of spiral 12 s on the substrate 1 1 with 
which first 1 step of spiral 12 s was formed (refer to drawing 3 (d)). When laminating, lamination 
takes place also to flat-surface parts other than 12S by the first one step of spiral, but in each 
figure, lamination of a flat-surface part is disregarded and is illustrating only the lamination on 
the first one step of spiral 12s so that intelligibly [ the shape produced ]. 

[0023](4) Next, similarly laminate one step of spiral which becomes a top for one step of spiral 
which consists of the low refractive index material part 12a from the high refractive index 
material part 1 2b by thickness d. The shape which this shows to drawing 3 (e) is formed. The 
structure to which it was connected with double-helix shape by the amount of [ which consists 
of one step of spiral which consists of the low refractive index material part 12a like drawing 3 
(f), and the high refractive index material part 1 2b ] one step of spiral, respectively is produced 
by repeating lamination for one step of spiral in drawing 3 (d), and lamination for one step of 
spiral in drawing 3 (e) henceforth. Although a spacial configuration is a little unclear in drawing 3 
(f), it turns out that it will become like drawing 2 if only the portion (that is, silicon part) of the 
high refractive index material part 12b is displayed, and the high refractive index material part 
1 2b has become screw type-like. 

[0024]It turns out that the lattice which arranges the columnar body 12 can be changed into 
freedom, such as a tetragonal lattice and a triangular lattice, and a full photonic band gap opens 
it about the arrangement structure of the columnar body 12 started from the tetragonal lattice 
and the triangular lattice with the first lithography. If it sees from the upper surface, the 
symmetry of right-handed rotation and left-handed rotation will have collapsed, and it is clear 
that structure's of the photonic crystal produced to arbitrary lattices it can have artificial optical 
rotation. Although silicon and a silicon dioxide were used as a component in this 1st 
manufacturing method, also in other substances, the shape controlling by bias weld slag is 
possible, and not being restricted to the combination of this material is obvious. 
[0025][Refer to the 2nd manufacturing method and drawing 4 .] The 2nd manufacturing method 
carries out two-dimensional array of 22 s of the 1 step of spiral shape corresponding on other 
substrates 21 which are different in the substrate 11 which produces the photonic crystal 10 at 
first 1 step of spiral 12 s, and uses the other substrates 21 as the force piston 20, The process 
A of transferring first 1 step of spiral 12 s by forcing the force piston 20 on thin film ts' formed 
on the substrate 11. And the photonic crystal 10 is produced following this process A by thin film 
ta' from which a refractive index differs, and the process B which transfer 22 s of 1 step of spiral 
shape one by one by the force piston 20 and to which two-dimensional array of the columnar 
body 12 is carried out whenever every one step of spiral laminates tb' one by one and it 
laminates one step of thin film. Generally the art of pushing the mold (mold) of minute shape in 
this way, and processing other materials into identical shape is called nano print art. 
[0026](D Carry out two-dimensional array of 22 s of the 1 step of spiral shape equivalent to part 
12 s for the first one step of spiral to other substrates 21 (here, it consists of silicon) which are 
different first in the substrate 11 which produces the photonic crystal 10. This method of 
carrying out two-dimensional array is based on the means same with having explained with the 
1st manufacturing method. That is, resist is applied on other substrates 21, a light exposure is 
changed by the place of resist, is exposed, and a resist pattern is formed. Then, two-dimensional 
array of 22 s of the 1 step of spiral shape is carried out by performing dry etching based on this 
resist pattern. The height (thickness) of 22 s of 1 step of spiral shape is 2d here. Henceforth, 
other substrates 21 with which two-dimensional array of 22 s of these 1 step of spiral shape was 
carried out are used as the force piston 20 (mold). 

[0027](2) Next, carry out spin coating (spin coat) of the PZT solution (lead zirconate titanate) on 
the substrate 1 1, and form thin film ts' (soft thin film) which heat-treats this coat and consists 
of PZT(s) on the substrate 1 1. It is made for the thickness after heat cure to be set to 2 d as 
for the thickness of this thin film ts'. Then, the force piston 20 is forced on this thin film ts', and 
the shape for first 1 step of spiral 12 s is transferred (refer to drawing 4 (a)), (stamp) Thin film 
ts' is heated and (annealing) stiffened after shape transfer. Thereby, thin film ts' becomes the 
hard thin film ts (refractive index 2.6) which consists of a transparent material of the refractive 
index 2.6. The thin film ts after this hardening is set to 1 step of spiral 12 s of the beginning in 
the description of Claims. 
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[0028](3) Then, on the substrate 1 1 with which the first one step of spiral ( drawing 1 etc. are 
shown in 12 s) was formed, carry out spin coating of the oxidized silicon composite material 
coating liquid, and form thin film ta' (soft thin film). Thin film ta' is formed so that the thickness 
of the thin film ta (hard) after carrying out heat cure may be set to d. Incidentally, oxidized 
silicon composite material coating liquid is filled by the portion (outside of a graphic display) of 
the hole made by the force piston 20. After forming thin film ta', the force piston 20 is forced on 
the same position as a part for the first one step of spiral. Under the present circumstances, it is 
made for the thickness of the thin film ta after adjusted and carrying out heat cure of the thrust 
to be set to d. Thereby, 22 s of 1 step of spiral shape is transferred (stamp). And thin film ta' is 
heated and stiffened and it is considered as the thin film ta (refractive index 1 .4) which consists 
of silicon dioxides (refer to drawing 4 (b)). The thin film ta which transferred 22 s of these 1 step 
of spiral shape becomes one step of spiral which consists of the low refractive index material 
part 1 2a in the description of Claims. 

[0029](4) Form thin film tb' (soft thin film) which carries out spin coating of the PZT solution, 
heat-treats it shortly, and consists of PZT(s). Thin film tb' is formed so that the thickness of the 
thin film tb after carrying out heat cure may be set to d. A PZT solution is filled by the portion 
(outside of a graphic display) of the hole made by the force piston 20. And (it being also the 
same position as the hole made by operation by aforementioned (3)) and the force piston 20 are 
forced on the same position as the first one step of spiral. Under the present circumstances, it 
is made for the thickness of the coat tb after adjusted and carrying out heat cure of the thrust 
to be set to d. Thereby, 22 s of 1 step of spiral shape is transferred (stamp). And thin film tb' is 
heated and stiffened and it is considered as the thin film tb (refractive index 2.6) which consists 
of PZT(s) (refer to drawing 4 (c)). The thin film tb which transferred 22 s of these 1 step of spiral 
shape becomes one step of spiral which consists of the high refractive index material part 12b in 
the description of Claims. 

[0030](5) Succeedingly, repeat operation with the above (3), and operation with the above (4), 
accumulate the thin film (ta, tb) of the number of specified stages, and form the columnar body 

[0031]Thus, thin film ta' and after forming tb' (soft thin film), carry out die pressing by the force 
piston 20, carry out, and shape is transferred (stamp), The photonic crystal 10 which carried out 
two-dimensional array of the columnar body 12 with which the identical material portions of the 
low refractive index material part 12a and the high refractive index material part 12b shown in 
drawing 1 (a) were continuously connected spirally also in carrying out heat cure of this and 
laminating it one by one is producible. Although alignment is required in shape transfer of each 
class, the alignment art of the stepper in X-ray lithography can be used for alignment. A 
piezoelectric element can be used for adjustment of the pattern depth (thickness d, 2d). 
[0032]Although PZT and oxidized silicon were used in this 2nd manufacturing method as a 
substance in which shape is transferred (stamp), if polymer, an oxide, etc. are generally materials 
processible with a stamp, it is obvious for the same method to be applied. Although silicon was 
used as a substrate (other substrates 21) of the force piston 20, it is also possible this and to 
transpose to other materials, such as silicon carbide (SiC), and it is not limited to silicon. The 
lattice which arranges the columnar body 12 is changeable into freedom, such as a tetragonal 
lattice and a triangular lattice, by the force piston 20. 

[0033]As mentioned above, although explained per embodiment of the invention, in the range 
which has an effect which is not limited to the means and technique which were not necessarily 
described above, attains the purpose said to this invention, and is said to this invention, this 
invention can carry out change implementation suitably. For example, although the photonic 
crystal was produced from two kinds of materials in this embodiment, even if it laminates three 
or more kinds of materials in assignment turn suitably, it is obvious that the shape of same 
screw type is produced. When the number of materials is three, it is made for the thickness 
(thickness for one step of spiral which consists of three material portions) which added three 
material portions to become the same as the thickness for the first one step of spiral. On the 
contrary, since it is a portion (high refractive index material part) used as the core in which light 
is confined, becoming a standard of thickness can determine the thickness of the portion which 
serves as a core first, it can determine the thickness of a clad required for the next, and can be 
made into the procedure of determining the thickness for the first one step of spiral (1 step of 
spiral shape of a force piston). Although how to use bias weld slag art and nano print art was 
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described as a manufacturing method of a photonic crystal, the same effect is expectable even if 
it laminates by other methods, such as semiconductor epitaxial growth, saving the shape of first 
screw type. 
[0034] 

[Effect of the Invention]As explained above, according to the photonic crystal of this invention, a 
full photonic band gap can be formed and it can apply to a light emitting device, an optical 
waveguide, etc. Since the symmetry of right-handed rotation and left-handed rotation has 
collapsed, the structure of the photonic crystal of this invention has optical rotation like [ in the 
case of being a right-handed quartz and a left-handed quartz ], and can apply it as a linear 
polarization child. According to the manufacturing method of the photonic crystal of this 
invention, an identical material portion can produce certainly the photonic crystal which has the 
columnar body connected continuously spirally. Especially, the photonic crystal of this invention 
is certainly producible by applying bias weld slag art or nano print art. Without being limited to 
production of the photonic crystal according to claim 1, the manufacturing method of the 
photonic crystal of this invention can be applied, also when producing the photonic crystal which 
has other structures. According to this invention, the first part for one step of spiral and force 
piston are producible with certainly sufficient accuracy. This force piston is repeatedly applicable 
to production of a photonic crystal repeatedly. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a perspective view showing the periodical structure of the photonic crystal in 
this embodiment, etc. (a) shows one step of spiral by which (b) was formed on the substrate in 
the photonic crystal. This (b) also shows a force piston. 

[Drawing 2] It is a front view showing the spiral structure of the photonic crystal in this 
embodiment. 

[Drawing 3] It is a perspective view showing the 1st manufacturing method of the photonic 
crystal in this embodiment, (a) a substrate and the resist pattern in which (b) was formed on the 
substrate in resist, (f) shows one columnar body for one step of spiral which consists of a high 
refractive index material part by which (e) was formed on (d) in one step of spiral which (c) 
becomes from the low refractive index material part by which (d) was formed in the top for the 
first one step of spiral in the first one step of spiral. 

[Drawing 4] It is a perspective view showing the 2nd manufacturing method of the photonic 
crystal in this embodiment, (a) shows the process in which (d) laminates one step of spiral one 
by one, and it goes one step of spiral which consists of a high refractive index material part by 
which (c) was formed on (b) in one step of spiral which consists of a low refractive index material 
part by which (b) was formed in the top for the first one step of spiral in production for the first 
one step. 

[Drawing 5] It is a mimetic diagram showing the structure of the three-dimensional photonic 
crystal in the conventional method, etc. (a) shows that by which (b) depends on micromachine 
art what is depended on dry etching. 

[Drawing 6] It is a mimetic diagram showing the structure of the photonic crystal form light 
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polarizer produced by the conventional manufacturing method, (a) shows that to which (b) 
carried out two-dimensional array of the columnar body for what put the plate in order. 
[Description of Notations] 

10 Photonic crystal 

1 1 Substrate 

12 Columnar body 

1 2a Material in which refractive indicees differ (low refractive index material part) 
12b Material in which refractive indicees differ (high refractive index material part) 
12 s A part for the first one step of spiral 

20 Force piston 

21 Other substrates 

22 s 1 step of spiral shape 

31 Resist 

32 Resist pattern 

ta' thin film (thin film for forming the low refractive index material part 12a) 
tb' thin film (thin film for forming the high refractive index material part 12b) 
ts' thin film (thin film for forming part 12 s for the first one step of spiral) 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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mz£-oXWm~t&ZktfX*%%>. S&fc:. x-y^Vi?' 

"C^S (S.Kawakami, Electronics Letter,vol.33,pl260 
(1997)) . £<*>^£»Tfi^fclIJi*fr&ttVvt, ft 

9f¥H*fffi 1 2 a ^*^«^Sfe-^ 1 2 s <T>W. ZX'fo 

S2d^«ji§dt'«i« (i3(d)#i) . m 

[0023] (4) »tfc, ffiSJ/fW^SP 1 2 a j; 

«Hfe-«»«±fc:, *JH#f*««ai5l 2 b i 0=5rl>fclffi 

-S4i-*|3It<J?§d-p»JB-rS. £^t=tO03 (e) 
(Cjp^-»K3WB|RS*14. J3lHBi, 03 (d) ti3itS 

«s-a*«Mti3 ( e ) ctJttsaafE-ebi-oa 
wsn^isrifcfcio, 03 (f)cD£5iz&mmm 

m-im I2a| 0=5rl> Jilfe-gMi- fc sJS tmsu 1 2 

-3fcflBfi3&«f^H$fi*. 03 ( f ) XlZ±ifcHmtf'>« 
fofrK)tz< iw, ftgjffWPfP l 2 bcogp^ (oS 0 
v-y^ygp^-) W^Sr^yK^^>i;02Wj;3^ l 9. iS 
® Jit*W«gP 1 2 b ft* MUB&RCc 5r ^ X \ •> ^» £ b 

[0024] 2^iaa^-i>t§TO, «t»<ou 

tt«#:l 2<7MW($mi<zm\-,X\±7)V7* h — vP'O 

v ^f> v ytfm <z\ktfifofr^x^z><, &?z. am.com 

fr^M.&k^®r>k?Z®r)eDmfimmii.Xi5<9. AX 
M^*$f%ohZb\mt>frXhh. ttz. zcomi 

commzx-it. mmtmk lt^u ayk~wnmm 

[002 5] C»2 0>fl*Stk H4«H:»2»fa! 
^(±. 7*1^77 1 0 *f^K^S3£« 1 1 fc*4 

4 dttfe— 2 2 s S- 2 ^tEI^IJ S-fr , £ OfiHO 

««2 l^fft§y2 0ktT. £R1 l±fcUBjSS*ut 
fflJKts' tff LS2 OSfftftttSifcfcJ: Oft^oo 
«)Sft-S^ 1 2 s ^te^-T-g.X?gA 0 LT . ZCDTM 

Aizm^^x . mtfrmcrmzc&mmt a' , tb' £jui& 
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2 OiZ 4 9«BM8»&tt2 2 s £JC<$Cte^LTtfcRflsl 
2£2<JC7EaWT3-fr*IgB£J:9, 7* h- -y 7*611 
1 0 £ 4 CO-CS) 4 . Srii , i tfO 4 3 fc»BB« 

[00 2 6] (1) 3fcf, 7* b-^g B H B l osrfHK-r 

1 fcfiJI^flil^ffiO 1 (iiTli^yay 
4 9&4 ) fc. S^JIIKM^l 2 s KfflM^&JMfe 

2 2 s Sr 2 &7cffi#l $ ^ * . i«2 &7cIB?'J $ 
•^S ;6rSHi, SI 1 cotfstKTSrcitBH Lfc e> t ftfKa#g 
£44. Ul^yXMifL, 

0. *Mfc-g»»R2 2s**2a5£iWIS*t4. Sr*J, 41 
2 s <7)ft§ ) (4. £ £-CI±2 d-CSb 

4, EM*, £^SM8H^2 2s#2<Ji5eIM3*i*: 
fl!!«Sfi2 1ll #LM2 0 fc LTffifflS 

;ft.4. 

[00 2 7] (2) SKI l±tCPZTi»a 

<^H*iMD«L"CPZT3&»6!3r«aEi|t a ' 
t«K) £MK1 l±KJBJiW4. i^SWHts' 
£J4. JiaftBHfcft^J¥§!6*2dfc:*4J:afc:^4. £<z> 

ft-aa-i 2 smmz&m mm) (H4(a)# 

TflHfr&'tf*. <r*1i=4 9?¥J]It s' li, JSJJW2. 6 
wj»ffltmj:"5=Sr**v«Ht s (JH*f*2. 6) t=^r 

[0028] (3) j^wc s *%j<^JMSe— S» (H 1 =Srif 
fcisirvt 1 2sT^fil ) iWatlll 1 ± 
C ^^«^W^M^^@S5M^LTf¥Mt a' 

<«&*»v*?WR) Ilta' 14. 

S.IIta' £ ill^i, **JO!«iSM£iJ- £ 15] t 
fiai^ifc, f¥LM2 0£ffLtttt4. ffJEEft 

& J: a (rt4 . i ftfc 4 0 . 2 2s ^S£¥ 

(SOW) S*l4. ^LT. Ilta' liiUW^ 
i*\ -BHtf£K4 O^rSafJRt a (JBWf*l . 4 ) fc-t 
4 (04(b) #53.) . £«*USM&JE*R2 2s*«!5L 

feURt a^\ #itif*«iEHoisat;*3(t4ffiaw* 

1 2 a 4 0 sSr&Jift-a^fc:** . 

[0029] (4) pzTmt&z\$mmftiL?m 



JS^-g. 0 Iltb' i±. M*ML£f&<0«ffl£tb<?)/f: 
§#d£$r4«fc3fc3fi££;h.4. PZTig?&i4#LS2 
0(c4 9$>W"£> *ufcj*05tffl- ( H^h ) (c i> »fc $ 
4 . * LT , fHS0<9«HMa#i: R t&a<*>±£ (1512 

LT . MUmtt LtititcrMM t b <0ff£ 3& 1 d fc* 4 i -5 
t;-r 4 . i tttc i 0 «ife-g»^K 2 2s ( MEP ) 

Six4„ LT. lit b ' £JnafcLT5g^§-tL pz 
Tj;D^r4lfMtb (SW*2. 6) ^4 (04(c) 

#B3) . i<^w»-ajgtt2 2 s fcie^uirSfiRt b 
[0030] (5) , Bffia(3)T<oj*f^arfMK(4) 

-t'cOS^^MDjit. FJfSiatScOlfM ( t a , t b ) £ 
^^SfcTft^#c 1 2 £ffMlT4 . 
[003 1]^J:ot, SRta' , tb' 

(S'JEP) L. ifi*W)!^LTJ«iWtfH-« 

i t Tfc . 01 ( a ) fc7j^\ ffiJSWW^gP 12at 

1 2 b o|s]-W4g|5^^'5SMW(:iite« 
CI^^JtM* 1 2 Sr 2 ?^7uIS^iJ Ltzy^Y-y^m 
B H H 1 0 SfHlt« - k 4 . 3rfc . 
tct3Vs"C !4fflt^-*>*3WiMrc» 4 *>\ fiB^-ti-^(4 

fflV>4ii:* i T'&4o 4fe, ^°^->-^§ (f§d, 2 

d) emmmzu. t°x7*tt^stT£ffl^£i^-c§ 

4„ 

[0032] i«SS2«f3E*rife'Cli. W#&ti& m 

EP) $^L4ft«i: UTPZTarXIWlSSIftffl^fc* 1 . 

tr**uf pi t^mtrnm^ffiTfo 4 i t {4 g bjt^ 4 . 

4it. 0«S1 (ffi^*«2 1 ) t LTv-'Jn 

y*ffll^3&«, itlt^tli* ( S i C ) &t'M(7)1rim 
IzWZWiZ- 4 ; k l>~*SffiT'$> 0 , i^'Ja y(c«4K^$ix 
Srif*. Stftl2^1Ifl,f§f(l ffLS2 

0 (c 4 o T IE*f§^ . E.nmT^ k i AfcSE 1 4 i i: ^ 
T£ 4 . 

[0033] £Lh, *5MH<^)iat<^BJBfco&»q!Lfc 

^l^S*SSr*-r4KHtfc^T3ai:t^SIIJt^4C: 
ks&nfriErCft*. Mxif. *^Mo^ffi(ci3ivci4 2ffl 

0*g^(4. 3o^Wf4fP7>^ML^^fcJS§ ( 3o« 
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[00 34] 

0 fc SHI 0 (7)M»tt»t ^ 4 fctf>, fc A 

T U y h&»£ jfiffl^4 i £ T\ 7 * h - >y ? 

ififtiiieifcfaiii-* it ^mn<r>7 

-•y ?SA*)fHKfc:&5eSft&.r k>5r< , Mcomm*^ 
-th7* h- -y ?l&ffc£fls*W-4*£fc fcJlfflT* § . 

[Hi 3 ^mm&BMlz&lf&y* h-vtm&n 

mmmttiitm^mmx-foh, (a) U7*h--y 
(b) i±aeRJit^iR$*LfcJMfe--a*** 

[ ei 2 ] ^mmmmiz $mh7*h-»/7m&cn 

[03] 3|E||St^!Bt=fett & 7 * h - >y ? (SAO 
$ 1 OMM* S^jEfSH-C* 4 . ( a ) f i2£K t U 
S^h*. (b) fcH6Kl:<0#JS3;hJt:l'5^W , «*- 

( c ) j4ft*j<o*iffliE-gi»* , ( d ) imtiwm 



( e ) (4 ( d ) <3±(cjB£3*ufcMHilf4Mir 
««J: 0«r««*-a»* , ( f ) (i 1 MtftS* 

[04 ] *mmmmiz&wz,7 ?mke> 

m 2 <7)f£tttT}£ £ 5jrf MJ10T* S„ ( a ) 

< b ) i4»»<o«ifeHSfciho±tjBjas 

*UtfiJHfff*tm» i 0 . ( c ) (4 
( b ) «±(3«S^i«aif*Hfl«J: Oiriitt- 
a»* , ( d ) li^JjRIfe-BfciJ-SrWJB LT^<$@£ 

[05] aaw)*ffifc:tift4 3<^7u7=r h--y?*S 

f-V^fcJ: (b)(±^^nvyyfi»:j; 

[06] i*offra:l^T#i§^7tb 

- „ ? ffiSSfiS^^flBt *^«^0T* 4 . ( a ) 

( b ) ttfiSWfe* 2dSi£ffl 

10 7^-h--y^*SA 
1 1 
1 2 

1 2 a js*f*^s^&*m a&mmmmw) 

1 2 b aaf^asfcswB ( mmtnmtfm > 

1 2 s «tff<D*Bfc— a» 

2 0 ff im 

2 1 

2 2s mm-mm 

3 1 l/y'Xh 

3 2 l/y'XhA7-y 

t a ' 3«|R ( ffiSWWPfP 1 2 a £JBtfW4 

t b ' MM ( WJH#f*WH« 1 2 b £ffM-f 5 fcft 

t s ' awt ( ffcmcD«afe-g^ 1 2 s t&j&r&iz 
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[01] [122] 
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